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Abstract

The isolates of lactic acid bacteria (LAB) from traditional fermented koumiss and homemade dry rye sourdough were exam-
ined for their potential to be used in bread production without baker’s yeast. Among twenty isolates, three with superior
fermentation ability and acidification capability were identified by 16S rRNA gene sequencing. Leuconostoc mesenteroides
from koumiss, Levilactobacillus brevis from 48 h activated rye sourdough, and Leuconostoc citreum from rye sourdough
extract were singly and mixed (1:1:1) inoculated into liquid sourdoughs and used for bread-making tests. Bread prepared with
Saccharomyces cerevisiae was used as the control. The substitution of water with whey in LAB fermentation demonstrated
lower pH and higher total titratable acidity values in the sourdough. The resulting bread’s color parameters, textural proper-
ties, and sensory characteristics confirmed the suitability of the selected strains to produce bread without baker’s yeast and

highlighted the enhancement of new starter varieties.
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Introduction

Bread is the most common and indispensable food product
obtained by baking dough, consisting of at least two compo-
nents—flour and water. While bread is simple in composi-
tion, manufacturers face a growing demand for innovation,
driven by consumer preferences for products with enhanced
nutritional properties. In particular, there is an increasing
trend in the market for food products that exclude ingredients
known to cause adverse reactions. The request for yeast-free
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baked goods is among them, as adverse reactions to products
containing baker’s yeast (Saccharomyces cerevisiae) have
been increasing in recent years (De Bellis et al., 2019; Nis-
sen et al., 2020). Some cell wall components of S. cerevisiae
are recognized as antigens in certain pathologies, such as
irritable bowel syndrome, as well as in conditions including
ulcerative colitis and Crohn’s disease (Rinaldi et al., 2013).
Anti-S. cerevisiae antibodies (ASCA) are considered a suit-
able marker for diagnosing Crohn’s disease and differentiat-
ing it from ulcerative colitis, especially in pediatric popula-
tions, since different immune responses to S. cerevisiae cell
wall phosphopeptidomannans have been observed between
them (Brunner et al., 2007; Reese et al., 2006).

Moreover, among patients with hidradenitis suppurativa
pathology who adhered to a diet excluding baker’s yeast,
70% experienced an improvement in hidradenitis suppura-
tiva symptomatology, with 81% of them following the diet
for less than 6 months. Additionally, 87% of patients dem-
onstrated an immediate recurrence of skin lesions less than
a week after consuming food containing yeast (Aboud et al.,
2020). However, ASCA antibodies have been described
in many autoimmune diseases and are highly frequent in
patients with type diabetes and COVID-19 (Sakly et al.,
2010; Melayah et al., 2022).
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In order to meet the demand for baked goods consumed
by individuals with adverse reactions to S. cerevisiae, scien-
tific research has been directed toward developing yeast-free
baked goods. Several studies have reported selecting LAB
strains as alternatives to leavening with baker’s yeast (De
Bellis et al., 2019; Nissen et al., 2020). Moreover, using
LAB in fermentation processes improves the properties of
dough and enhances bread’s flavor, texture, and nutritional
value by increasing the availability of minerals (Teleky
et al., 2020). Similarly, LAB causes acidification and lowers
the pH, extending bread’s microbiological shelf life by con-
trolling and inhibiting spoilage microorganisms (Muham-
mad et al., 2014). Furthermore, spoilage of bread by mold,
which may cause substantial economic losses in the baking
industry, is prevented.

Since the metabolic properties of LAB are strain-specific,
selecting a proper LAB starter for yeast-free bread is the
most crucial step. Fermented traditional foods are rich in
LAB sources, and LAB isolates can be considered to assess
dough fermenting abilities and bakery applications. Sev-
eral studies have reported the isolation and characteriza-
tion of LAB from the fermented dairy beverages koumiss
(Rakhmanova et al., 2021; Tang et al., 2020) and rye sour-
dough (Bartkiene et al., 2019; Digaitiene et al., 2012). How-
ever, there is insufficient data surrounding bread-making tri-
als of isolates. The objective of this study was to isolate and
select suitable LAB strains (mainly based on their leavening
ability) from traditional koumiss made from mare milk and
homemade dry rye sourdough. These selected strains were
then utilized as starters for the production and characteriza-
tion of yeast-free doughs and bread.

Materials and methods
Isolation of LAB

Traditionally fermented homemade koumiss and dry rye
sourdough were obtained from the local self-employed indi-
vidual in Bishkek (Kyrgyzstan) and stored at 4 °C until use.
Dry rye sourdough was used in activated and nonactivated
forms. For activation, 10 g of dry rye sourdough was diluted
with 200 mL of deionized sterile water, and 200 g of wheat
flour was added and used after 24 and 48 h of cultivation
at 30 °C. Additionally, 10 g of dry rye was extracted with
200 mL and used directly without activation. Ten millilit-
ers of each prepared sample and koumiss were separately
blended with 90 mL of 0.85% NaCl solution (De Man
et al., 1960) and vortexed (Vortex Mixer advanced, Isolab
Laborgerate GmbH, Wertheim, Germany). Appropriate deci-
mal dilutions were prepared and plated in triplicate onto
media, and counts (CFU/mL) were determined considering
the dilution factor used. Lactic acid bacteria were cultured in
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MRS agar and live, aerobic bacteria were enumerated using
Plate Count Agar. Yeasts and molds were selectively isolated
and enumerated using Chloramphenicol yeast glucose agar.
(Zielifiska et al., 2015; Giil et al., 2005).

For the isolation of LAB from four sample preparations,
appropriate dilutions were plated on selective MRS agar
media. After 48 h of cultivation at 30 °C, colonies of differ-
ent morphotypes were individually picked and streaked on
fresh MRS agar plates by dilution streaking to obtain single
settlements. This procedure was repeated to purify the iso-
lates. The pure cultures were stored at — 70 °C in MRS broth
supplemented with 20% (v/v) glycerol.

Each isolate was first tested for catalase by exposing the
cells to a drop of 3% hydrogen peroxide solution. The imme-
diate formation of bubbles indicates the presence of catalase
in the cells (Mohd Adnan and Tan, 2007). Gram staining,
colony morphology, salt tolerance in MRS broth containing
6.5% NaCl, and pH 9.6 susceptibility tests were performed
only for the catalase-negative isolates. A Durham tube was
used to evaluate gas production from glucose during fer-
mentation to determine whether the isolate was homo- or
heterofermentative.

Selection of LAB

The suitability of selected LAB strains as starters for dough
preparation without baker’s yeast was checked only with
those isolates that produced gas during fermentation. A
single colony was transferred into 10 mL of MRS broth to
obtain a cell suspension and incubated at 30 °C for 24 h.
The cells were harvested by centrifugation at 10,000 rpm
for 10 min at 4 °C, washed twice with sterile physiologi-
cal saline (0.85% NaCl) solution, and resuspended in sterile
distilled water, and the cell density was adjusted to ca. 9
log CFU/mL using McFarland Standards and used as inocu-
lum (De Bellis et al., 2019). The dough, with a final cell
density of ca. 7 log CFU/g, was prepared according to the
procedure described by De Bellis (2019). The wheat flour
used had the following proximate composition (%): mois-
ture content—12.69; fat—1.26; saturated fat—0.24; carbo-
hydrates—72.13; sugars—0.99; protein—12.25: salt—0.44
(Berberoglu Un, Burdur, Turkey). The dough was divided
into portions (100 g) and placed in 500 mL graduated cylin-
ders. The fermentation ability (AV, mL) in terms of volume
increase, as well as pH and total titratable acidity (TTA)
after 24 h of incubation at 30 °C and 80% relative humidity,
were measured (Li et al., 2022).

16S rRNA sequence analysis
For the initial pool of 18 isolates, only three (K2, 48h3, and

E4) exhibited the most promising leavening and acidification
capabilities, as identified by 16S rRNA sequencing analysis.
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LAB activated in MRS agar medium for 48 h were puri-
fied. The EURx GeneMATRIX PCR/DNA Clean-Up Puri-
fication Kit (Gdansk, Poland) was used for DNA isolation.
A Thermo Scientific NanoDrop 2000 Spectrophotometer
(Wilmington, Delaware, USA) was used to control DNA
purity. The identification of isolates was analyzed based on
16 s16srDNA gene amplification, using the 27F primer (5’
AGAGTTTGATCMTGGCTCAG 3') and the 1492R primer
(5" TACGGYTACCTTGTTACGACTT 3') (Liu et al., 2012).
The 35 pL reaction mixture contained 3 pL template DNA,
IxPCR buffer, 1.5 mM MgCl,, 2.0 unit Taq DNA polymer-
ase, 0.2 mM dNTP, and 0.3 pmol of each primer. The PCR
amplification procedure was as follows: 5 min at 95 °C, 40
cycles of 45 s at 95 °C, 45 s at 57 °C, 1 min at 72 °C, and
then 5 min at 72 °C. The temperature was reduced to 4 °C,
and PCR was completed. It was carried out on an automatic
thermal cycler (Kyratec, Queensland, Australia). BM Lab-
oratory Systems (Ankara, Turkey) sequenced the purified
products. All the isolates’ nucleotide sequences of the 16S
rRNA gene were analyzed and determined by the BioEdit
(http://www.mbio.ncsu.edu/bioedit/bioedit.html) multifunc-
tional sequence alignment editor and were submitted to the
National Center for Biotechnology Information (NCBI).

Preparation of liquid sourdoughs and bread making

Bacterial suspensions of three identified strains were pre-
pared as mentioned above and used for bread-making tests.
To prepare 50 mL of liquid sourdough, 8.33 g of flour and
29.16 mL of sterile water were singly mixed (1:1:1 ratio) and
inoculated with 12.5 mL of bacterial suspension (8 log CFU/
mL). Liquid sourdoughs were incubated (Lab Companion
SI-300R Shaking Incubator, Massachusetts, USA) at 30 °C
for 16 h with constant agitation at 110 rpm.

Bread doughs were prepared in sterile water and ster-
ile whey (pH 4.26 and TTA 0.51 mL 0.1 M NaOH/10 mL)
basis with a resulting dough yield (dough weight x 100/flour
weight) of 160. To prepare 100 g of dough, 55 g of wheat
flour, 1 g of salt (NaCl), 14 mL of sterile water/whey, and
30 mL of liquid sourdough were mixed thoroughly and well
kneaded. Doughs with 2% (w/w) baker’s yeast and without
liquid sourdough were used as controls. Aliquots (100 g) of
each dough were placed in rectangular disposable aluminum
foil pans and fermented at 25 °C for 6 h (yeast-free) or 3 h
(control doughs). Once the dough had risen sufficiently, it
was carefully placed into a preheated electric oven that had
been set to 190 °C and baked for 20 min. After cooling, three
independent breads were taken for subsequent analysis.

pHand TTA

The values of pH and TTA were determined after mixing
10 g of liquid sourdough, dough, or bread with 90 mL

of distilled water and homogenizing. Bread samples were
read for 10 min before measurements. pH values were
measured by direct immersion of the pH electrode (WTW
inoLab 9430 IDS Multiparameter Benchtop Meter, Ger-
many) in the samples (AOAC, 2000).

TTA was determined by titration of samples using
0.1 M NaOH in the presence of phenolphthalein as an indi-
cator, and the results were expressed in terms of mL NaOH
0.1 M/10 g sample with Method No 02-31.01 (AACC,
2010).

Characterization of bread

Bread volume was measured according to the AACC
10-05.01 (2010) rapeseed replacement method. After cool-
ing, each bread was placed into a graduated cylinder (V).
The cylinder was then topped with rapeseed, the bread was
removed, and the rapeseed volume was measured (Vy).
The bread volume (V) was calculated after subtracting
Vg from V. The same pieces of bread used for measur-
ing volume were weighed on digital scales, W (g). The
bread’s specific volume (V) was calculated according to
the following equation.

mL\ _ ﬁ
()

Bake loss was calculated as the percentage of initial
dough weight lost during baking (Ruttarattanamongkol
etal., 2011).

We‘lghtinitial - We‘lghtafterbaking

Bakeloss =

100%
weight * ‘ 2)

initial

The color was tested using the Chroma Meter (CR-400,
Minolta Co., Osaka, Japan) and was reported in the form
of a difference (AE*ab) between the sample and reference
(a white ceramic plate, where L";=94.8, a°; =0.4 and
b’ =4.16):

* * #\2 * %12 * %32
AE,, =4/(L] — L)) +(a; — a))" + (b, — b)) 3

Texture profile analysis of bread samples was performed
using a TA-XTplus Texture Analyzer (Stable Micro Sys-
tems, Ltd., Godalming, UK) equipped with a P/5 cylindri-
cal probe (5 mm in diameter) with a test speed of 5 mm/s
and 30% specimen deformation. Textural parameters
obtained at the end of the measurement were springiness
(the rate at which a deformed sample returns to its original
size and shape, mm) and surface hardness of the bread (De
Bellis et al., 2019).
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Sensory evaluation

The external (shape, volume, crust properties, crust color,
border properties) and internal properties (taste, texture,
flavor, chewing properties, crumb color, pore size) of bread
prepared with LAB were evaluated by a panel group com-
posed of ten assessors (IRB # DFE-61286770-302.8.1-
692723). External and internal characteristics were evalu-
ated over 30 and 70 points, respectively (Giil et al., 2005).

Statistical analysis

Each method analyzed three replicates of each sample. For
the statistical analysis, decimal logarithms of the results
were used. One-factor variance analysis was applied to the
assessed parameters, and the differences between the groups
were evaluated using the Duncan multiple comparison test
at a significance level of a=0.05 were performed using the
SPSS 16.0 software system.

Results and discussion
Enumeration and isolation of LAB

Traditionally fermented koumiss made from mare milk and
homemade dry rye sourdough were used to isolate LAB. As
mentioned in the materials and methods section, koumiss
was used directly without preparation, and dry rye sour-
dough was prepared by 3 methods. The viable counts of
LAB, total aerobic mesophilic bacteria (TMC), and total
yeast and mold (TYMC) are presented in Supplemental
Table S1. Microbiological analyses showed the presence of
LAB at levels ranging from 5.10 log CFU/mL (nonactivated

extract of rye sourdough) to 9.84 log CFU/mL (48 h acti-
vated rye sourdough). The TMC in four samples for isolation
ranged from 6.10 to 9.82 log CFU/mL, and TYMC ranged
from 2.10 to 6.50 log CFU/mL.

Colony morphology, cell shape, catalase reaction, Gram
staining, salt tolerance, pH 9.6 susceptibility, and gas pro-
duction from glucose were first tested for preliminary sepa-
ration (Supplemental Table S2). Eighteen gram-positive
and catalase-negative microorganisms were presumptively
identified as LAB among twenty bacterial isolates obtained.
Most isolated strains were coccobacillus-shaped (7 isolates),
six were rod-shaped, and the remainder (5 isolates) were
cocci. Nine of these isolates produced gas in the carbohy-
drate fermentation test and were, therefore, deemed to be
heterofermentative LAB strains, used for dough fermenta-
tion tests.

Selection of LAB

The leavening and acidification capabilities of 9 isolates
were evaluated to select LAB strains to be used as starters
for dough fermentation (Table 1). Considering the purpose
of the study, the most critical parameter considered was the
volume increase (AV, mL) of dough during fermentation.
Doughs inoculated with different isolates showed different
leavening capacities during fermentation. Among tested
LAB isolates from koumiss, K2 showed remarkable ferment-
ing ability (40.17 mL) and a promising acidifying capacity
(pH 4.56) during fermentation. 48h3 isolate from rye sour-
dough activated for 48 h, and E4 isolate of rye sourdough
extract were other strains with a good dough fermentation
ability (50.50 and 79.50 mL, respectively), besides giving a
good acidity (4.12 and 4.12, respectively) to the doughs. The
poor fermenting ability was in the K4 isolate from koumiss.

Table 1 Fermenting ability

o . LAB isolates  Source AV, mL pH TTA, mL
characteristics of experimental N2OH
doughs singly inoculated with 0.1M/10 g
LAB isolates

K2 Koumiss 40.17+0.26°  4.56+0.01° 1.06+0.01°
K4 Koumiss 30.50+£045"  5.10+£0.01*° 1.06+0.01°
K5 Koumiss 35.50+£045° 5.06+0.01°> 1.05+0.01°
48h1 48 h activated rye sourdough 40.50+0.45¢  435+0.01¢ 091+0.01¢
48h3 48 h activated rye sourdough 50.50+0.45°  4.12+0.017  0.82+0.02°
E2 Non-activated extract of rye sourdough ~ 60.00+0.45°  4.24+0.02° 1.11+0.01°
E3 Non-activated extract of rye sourdough ~ 35.50+£0.45°  4.12+0.017  1.55+0.04°
E4 Non-activated extract of rye sourdough ~ 79.50+0.45*  4.12+0.01"7  1.10+0.01°
E5 Non-activated extract of rye sourdough ~ 50.17+0.26°  4.12+0.01°7  1.11+0.01°

Data represent means of three independent experiments + standard deviations

K—isolates from koumiss, 48 h—isolates from 48 h activated rye sourdough, E—isolates fom non-acti-

vated extract of rye sourdough

AV volume increase, TTA total titratable acidity

afValues in the same column with different letters differ significantly (p <0.01)
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No significant (p>0.01) differences in AV values were
found between the doughs inoculated with K5 and E3. TTA
of dough inoculated with E3 was the highest. However, the
volume increase was relatively low (35.50 mL). Based on
these results, K2, 48h3, and E4 isolates were selected and
used for further analysis.

Identification of LAB

To confirm the species, 16S rRNA gene sequences of three
selected isolates were determined and compared with related
bacteria using the BioEdit program at NCBI. According to
the obtained results, the K2 isolate was identified as Leucon-
ostoc mesenteroides (MT545113.1) with 99.93% similarity,
the 48h3 isolate as Levilactobacillus brevis (MT611665.1)
with a similarity of 99.86% and the third isolate E4 as Leu-
conostoc citreum (MT544904.1), the similarity of which was
100% compared with the 16S rRNA sequences of the type
strains. Tegin et al. (2020) identified Leuconostoc mesen-
teroides in koumiss samples collected from three different
pastures in Kyrgyzstan. Bartkiene et al. (2019) and Ispirli
et al. (2018) isolated Lactobacillus brevis and Leuconostoc
citreum strains from spontaneous rye sourdough manufac-
tured following traditional protocols and rye and rye bran
sourdoughs.

Characterization of liquid sourdoughs and bread
doughs

The procedure was carried out in two stages of incuba-
tion. The first was to prepare a liquid sourdough inocu-
lated with the selected starter (stage I), and the second was
aimed at preparing dough for use in bread making (stage

II). Leuconostoc mesenteroides, Levilactobacillus brevis,
and Leuconostoc citreum strains were singly (S;,,., Sz Sie)
and mixed (S,,;,) (1:1:1 ratio) as a starter. The results of the
characterization of liquid sourdoughs before and after 16 h
of incubation are reported in Table 2.

After mixing flour with water and inocula, the pH value
of all sourdoughs ranged from 5.67 to 5.86. All strains
caused relevant acidification of the sourdoughs by notice-
able pH drop and TTA increase after 16 h of fermentation.
Consequently, the pH values decreased within the range of
0.96 to 2.11, and the increase in TTA ranged from 1.13 to
5.43 units. After 16 h of fermentation, the lowest pH val-
ues (3.63 and 3.62, respectively) were found in sourdoughs
inoculated with Leuconostoc citreum and mixed starter, with
no significant (p> 0.01) differences observed. Similar final
pH values have been obtained for sourdoughs inoculated
with Leuconostoc mesenteroides and Leuconostoc citreum
(Robert et al., 2006). The highest TTA was observed in S,
(6.53 mL), followed by S,;, (5.40 mL), and the lowest TTA
was observed in S;,, (2.10 mL) sourdoughs. De Bellis et al.
(2019) reported a pH value of 3.48 and TTA of 4.10 mL
after 16 h of incubation at 30 °C for liquid sourdough inocu-
lated with leuconostoc citreum.

The microbiological investigation of liquid sourdoughs
reported in Table 2 showed initial LAB levels in the range
of 6.88 to 7.56 log CFU/mL. After 16 h of fermentation,
the final level of LAB levels were abundantly above 7.20
Log CFU/mL for almost all sourdoughs, with the sourdough
inoculated with Leuconostoc citreum displaying higher cell
densities (9.15 log CFU/mL). Corona et al. (2016) reported
that LAB behavior remains constant after 16 h of incuba-
tion during weekly refreshments in sourdoughs inoculated
with Leuconostoc citreum (Corona et al., 2016). The TMC

Table 2 Some physicochemical

and microbiological Characteristics Time (h) S, Sip Sie S mix
characteristics of liquid pH 0 572+£0.01°  586+0.01*°  5.67+0.02° 5.73+0.01°
;(Zf)rizggﬁ;;g%lsym(if)LE"r;chlffate . 16 476+001°  386+001° 3632002  3.62+00%
with starter strains TTA, mL NaOH 0.1 M/10g 0 0.97+0.05°  1.00+0.00° 1.10£0.09°  1.40+0.09"
16 2.10£0.09¢  3.81+0.01° 6.53+£0.05°  5.40+0.09"
LAB, log CFU/mL 0 6.90+0.04° 7.56+0.06°  6.88+0.03° 7.15+0.03"
16 7.26+0.22¢  7.59+0.10° 9.15+£0.03*  8.67+0.05"
TMC, log CFU/mL 0 8.10+0.15°  8.36+0.09* 8.30+0.02>  8.33+0.06
16 9.98+0.02° 9.93+0.01¢ 10.09+0.01* 10.03+0.02°
TYMC, log CFU/mL 0 2.00+0.00° 220+0.15*  2.10+0.15® 2.00+0.00°

16 2.10+0.150  0/<1 2.00+0.00° 0/<1

Data represent means of three independent experiments + standard deviations

TTA total titratable acidity, LAB lactic acid bacteria count, TMC total mesophilic aerobic bacteria count,

TYMC total yeast and molds count

adyalues in the same row with different letters differ significantly (p<0.01)

Lm: Leuconostoc mesenteroides; Lb: Lactobacillus brevis; Lc: Leuconostoc citreum; mix: starter prepared
with 1:1:1 ratio of Leuconostoc mesenteroides: Lactobacillus brevis: Leuconostoc citreum
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of sourdoughs before and after 16 h incubation ranged
from 8.10 to 8.36 log CFU/mL and 9.93 to 10.09 log CFU/
mL, respectively. Total yeast and mold populations started
from an initial level in the 2.00-2.20 log CFU/mL range
and remained constant in S;,, and S; . sourdoughs, while in
S;, and S, they were not detected since the acidic envi-
ronment inhibits spontaneous yeast growth (Martin-Garcia
et al., 2023).

Eight different bread doughs, starting with liquid sour-
doughs, were prepared on a water (Dy,._1,,» Dywi.r.> Dwtores
Dwt—mix) and Whey (Dcw—Lm’ Dcw—Lb’ Dcw-Lc’ Dcw—mix) basis
(Table 3). Baker’s yeast dough (D, . and D, ), which was
made without the addition of sourdough, was considered
a control. Final values were obtained for LAB-inoculated
doughs after 6 h and for control (baker’s yeast alone) after
3 h of fermentation. Both initial and final pH values of
doughs made with whey were higher than in dough pre-
pared with water (p <0.01), except for dough made with
yeast, which had a lower final value. Accordingly, TTA
was higher in all dough samples on a whey basis except for
Dy,.r.- The pH decreased at the end of fermentation, and
the TTA increased in all bread doughs. Notably, the doughs
Dyi1e> Dew-Les Dwimixs a0d Dy i €xhibited the highest TTA
values, with no significant differences observed between
them. As expected, the pH and TTA values of the control
dough containing yeast alone varied only slightly on a water
basis and whey basis during the fermentation period (pH
5.54-5.37 and 5.04-4.86, TTA 1.00-1.17 and 1.33-1.83,
respectively). The observed changes are in accord with the
findings of Robert et al. (2006) and De Bellis et al. (2019).

The log CFU/mL of TMC, TYMC, and LAB counts of
dough samples before and after fermentation are listed in
Table 3. The LAB counts of the doughs after 16 h of fer-
mentation ranged from 6.95 to 8.73 log CFU/mL, with lower
values in doughs prepared with whey, even though their ini-
tial cell densities were higher. This could be explained by
the low pH (or high TTA) tolerance of LAB, which is fre-
quently a growth-limiting factor (Hutkins and Nannen, 1993)
since the whey used has a pH of 4.26 and a TTA of 0.51 mL
0.1 M NaOH/10 mL. According to Tsanasidou et al. (2021),
whey proteins, such as lactoferrin, immunoglobulins, and
lactoperoxidase, with potent antimicrobial activity, may be
involved in microbial growth reduction. Moreover, LAB was
not detected in bread doughs inoculated with baker’s yeast
alone. It can be concluded that alcoholic fermentation pre-
dominates over lactic acid fermentation in dough prepared
with the commonly used concentration of baker’s yeast, i.e.,
2%, as typically seen in bread production. The total bacte-
rial count was the highest in D, ;, (10.21 log CFU/mL),
followed by D, . (9.94 log CFU/mL) bread doughs just
after mixing, while the highest TMC was in D, . (8.20 log
CFU/mL) at the end of fermentation. Total yeast cell counts
were lower than 2.52 log CFU/mL in doughs inoculated with
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LAB strains throughout fermentation. Furthermore, yeasts
and molds were not detected in bread dough inoculated with
Levilactobacillus brevis. As expected, the control doughs
(Dyc and D, ) showed a very high TYMC.

wt-C CW-C

Bread characteristics

After baking, the bread samples were cooled to room tem-
perature and assessed for quality. The results of the pH,
total titratable acidity (mL NaOH 0.1 M/10 g), and the color
characteristics of the final bread are reported in Table 4. As
expected, the pH values of bread prepared with LAB strains
were significantly lower than in the control bread prepared
with water B, .) (p £0.05). The pH values (5.53 for water
basis and 5.36 for whey basis) of bread that started with
Leuconostoc mesenteroides were higher than control bread
prepared on a whey basis. A statistically significant dif-
ference in pH values between bread made with water and
bread made with whey was also observed, with lower val-
ues observed in the latter. Differences between them can be
attributed to the lower pH of the added whey.

The TTA of By, mix (2.57 mL) and B, (2.27 mL) were
significantly higher than the other bread (p <0.05), with a
ca. 17-fold higher than control B, . (0.13 mL) prepared on a
water basis. The inoculum Leuconostoc mesenteroides-gen-
erated bread had lower values of TTA than the pH results.
The addition of whey increased the TTA of all breads. Such
differences can be attributed to the acidic nature of whey.
The results of the pH and TTA values are consistent with
microbiological data since the increased acidity of the bread
is associated with a decrease in microbial growth.

The three color parameters were determined on three dif-
ferent sides of the bread crust using a colorimeter. As shown
in Table 4, the lightness (L*) value of B,,;, ;,, (81.11) was
significantly (p <0.05) higher than that of the other bread
and lower than that of the control bread. Similar results were
obtained in bread initiated with strains of Leuconostoc cit-
reum C2.27 and Weissella confusa C5.7 when compared to
the control (De Bellis et al., 2019). No significant differences
in the green—red component (a*) and blue—yellow compo-
nent (b*) values were observed among bread B, ;, and
Bh-mix. Color measurements revealed that whey-fortified
bread was usually characterized by a brighter, more yellow-
ish crust than water-based bread. According to Tsanasidou
(2021), this may be due to vitamin B, (riboflavin) in milk,
which is 70-80% transferred to whey. All breads exhibited
similarly in terms of the AE values, except for B, ;,.» By
and B, ;, which had lower color changes.

Disparities between samples in volume and specific vol-
ume were similar for all breads (Table 4). The higher the
volume is, the higher the specific volume. The highest vol-
ume (154.33 cm®) and specific volume (2.13 cm3/g) were
in B, ;. among LAB-started samples after control ones.



Lactic acid bacteria isolates for bread production

y3nop [01UO0D D “WN4J1D I0ISOUOINIT :S14214q
SNJJ1ODGOIIVT SIPI0IIUISIUL D0ISOUOINIT JO ORI T:1:] UM PuTeIqo YSNOp :XTW ‘UM2AJ1D IOISOUOINIT DT ‘S1424q SNJJIODGOIIDT QT ‘SIPIOIJUISIUL D0JSOUOINIT ‘W] ‘AAUM M ‘TdJem Im

(60°0 > d) ApueSyIUSIS JSHIP SIONS] JUSISHIP YIIM UWN[OD SWILS Y} UL SIN[BA .,

JUNOD SP[OW PUEB JSBAA [810) DAL IUNOD BLIAIOEq 91qOIde dI[Iydosaul 810} DAL JUN0d BLIA)ORq PIOE 1108] g7 ‘ANIPIOR 9[qeient) [e10) VL[

SUOTJEIAQP pIepue)s F sjudwrradxa juapuadopur 9o1y) Jo sueaw juasaidar ejeq

OUOFIEL  0TOFS0'S PSOOFTLL  p800FLES 1>/0 1>/0 ETOFEST LI0FECT J100F 98y FOOF YOS ""a
G00FIEL  HTO0F86'L OTOFOI'S  [£O0FH6'L 1>/0 1>/0 pEIOFLIT pCCTOFO00'T JJ00FLES Al00F PSS a
p000FO0ET  000F0ET  pSOOFO6L  HOOFELS a00F8S'S  8T0F6V'S FEOFEET £10FS0T  GEOOFHHY  3T00F6'Y g
p600FIET  4000F09T £00FT6L  I00FITOI W00FPS8 00 FS6'S WCT0FSTT GETOFLYT (100F €Y J100F$0°S g
000F00C  q900FTST p€00F08L  #00F00'S SCTOFITY  qLOOFLLS WCTOFSTT WCTOFSLT s100F2SH 4 100F16Y Tha
IOI0FOIT  (900FTST OT0F0T8  qC00F¥6'6 HFOOFELS  HI00F9T'8 ET0FLIT GETOFEST J00FSEY JO0FL6Y ha
000F00C  ,000F00C SO0FLYL  H91'0F0TS JOOFO0L  SCO0OFS6L  2CTOFSLT LTOFEET pl00FTLY pC00FTTS mhq
1>/0  q900FTIST  p€O0FISL  3900F 8L pLO0FS0'S WOOFSLL  5qTTOFSLT pEI0F 80T JO0FLS Y J100F0Y'S mha
SI0FOIT  9I'0F0I'T Q00FT6L  4SO0FIOL JOOFG69  pE00FS8I'S CTOFOS'T p ETOF LT q100F00°S JI00F IS “ha
Q00FTST  II0FOIT  pSO0F06L  3€00F08'L SCO0FETS  STO0FS6'L CTOFOS'T L£10FT6'0 TO0F Y9y 100F 696 “Ma
Teuty [enuy Teuty fenu Teuty [enuy Teury fenuy Teuty [enuy
TW/NAD 301 DNAL Tw/NAD 301 DL TW/NAD 801 'gv'T 301/ 1'0 HOBN TW ‘V.LL Hd  oidweg

siseq Aoym/10Jem U0 JsedL s Joyeq 1o sysnopinos pibif oyl yim parels sysnop pealq Jo sonsLeIRyd [BI130[01qOIdTW pue [edrwaydodisAyd swos ¢ ajqel

pringer

As



A. M. Kyzy et al.

ific volume)
C1 ion
spe tatio
1 me, men .
. S (VO u fter fer baslS
ertie ined a hey
. rop tain dw t
hysical p bread ob water an ignifican
stp the . on Nos d
lowe for ides io. 1. brea
The lowe red tero in Fig. and
. registe ¢ mesen own in | ides,
S were onosto bsass between sentero
= ) uc um d me on-
3 th Le se cr foun stoc itreum ¢
8 wi den ere ono treu
2 ith more es w f Leuc coci ietal.
B S th m ifferenc ins o osto Lie
3 = = W1 diffe rain con by
ERRS < 05) ixed st Leu tudy of
n & =] S <0. . 1xe . nd as ture
a o S 3 (p< h m a In ul
B o n A —_ it Is, €. rc -
&8 <= o H - ined w brev lum rte e
St Pz H 4 ine illus ific vo sta s br
g o s TR PR H H ~ © S obta baci ecific from a cillu
= g a = 9T g8 8 3 ilacto nd sp red from a ctoba sely
" | = ~ S Vi a a ila . lo
g = 3 H ; © g S a © 3 Le ing volume read prep and Lev Whlchlc. of
& + v g O w S = cerning teamed b isiae Y5 of 170’ ddition
| K 8 =) S e is a -
A L o ‘ed a specific volume out he addin e
é % = 3 N Saccharom);ted a SthC obtained ‘:/ed the incrﬁe gluten in
S b8! 0o S i t
EESEEE $ s B1 reported a s ributed the In
Eagyp I W S vis ith our uthors at capacity ioinal
e 293 % 38 g aligns w st. The a holding f its origin
. o~ o | 2D SN N ’s yeast. as- 1 S
B S < +|+o§m.@<r g ker’s y the g 25% o isture los
5 HoHE 9 S ® R ~ ba e to 022). 10- istur
= o 3 —_ — 3 [ lum 2 €S mo . d
8 o = RO g« 3y . s cific vo h (Li et al.., bread los st due to Kotoki an
E 4 8% NN N g doug ction, ight is lo ling ( loss
= @ N T N o ¢l e ] he Odu h coo bake
28 g o g 2a 0y 4 = t ing pr t weig . and ighest he
2 FEEE 39 H T %0 = During ht. Mos baking, the hig and t
88 = A 105 8 X — weig fing, ble 4, (24%), ificant
I3 = PRI H "8 o = & — dough bread proo n in Ta by Bon1s signific
“ oA g 3 284S = ing br s show lowed %). No esen-
2 % &8 88 S S dur 0). A fol 1.14 foc m
- = S 34 2 Deka, 201 (26-44%)&01 bread ('Zth LeuconOSWhey were
2 a 8 in B, ;. on wi in hey
< o = 1n By, in the ¢ ced itreum ith w
/M P a ] was s in rodu citr wit
2z ks & st wa ead p ostoc water ads.
% % S 2 S o a owe in br con of 1 bre
g Zzhia = IR T 11-1-‘ferences1 ter and L;u placement way for a; between
— — S S =) | Ne) 0 S 1 in wa € e
£ s2<c S Hagd % 2 ides in loss. sam foo nd
= 5 3 + o ® ™ S5 ide . ke in the ress ss a
g $| | (;I-J ©° 2 o [: — . 5 tero ed in ba loss 11? to Comp dfreshne R _ng
g . =o8828 SRt Z observ ect bake equired to brea ontaini
g% : —_ — . c::-} ?,\]’ (v\]\ <: O-I g did not aff the force r is related The bread Cd in Whey
< RS =2z |+ is inginess . re
" o 4;\] S % = g :I ?l + [i 8 § HardneSS. Sprlng]ne 1 2022) in prepa 4932 N),
a9 SR 59 2 7 e th. while lojede et a .’oides stra to break ( ith the
I =] ] m\q -\o._ tee - Olo ter e rw
g H o+ oS “ S48 [S I S . ty ( esen forc in wate da
5 SRR g 8 lastici stoc m higher N) in les ha
% NS o= ERE g N conosto antly 22.01 samples ly).
£ § 33 £8 5% g he Leucono nific ead ( two tively
5 o Y T8 S the L d a sig of br these espec ile
I - 2 Z3 + 5 uire times time, m, 1 ), whi
> s»‘?\ns_"?m'“ﬂ H ok K req is ca. 2 ame 93 m 2N),
%‘ R < vy '_‘I +HoH o @ x .. hlch 18 R At the S 65 and 8 ness (45 ain had
AN HoHA 2 g = N w ain. (10. hard m str
S HoA A A 23 AR ~ e str inginess west itreu ich were
P NS i & & o g sam springin had the lo nostoc ¢ f whic ient
Nel [ o~ N2l = & = . T d co h o 1€
m © 59 2 LI — a3 hlghe brea Leu bot insuffic
= =5 o IS = n 9 ol .. he ns .
5 Q L = T T £c S The contr ontaining t (5.16 mm)d’ the mos.th individual
A % & g = S — :l + o ™~ s} VvV = ead c . iness er ha d wit i et al.
® I D H © o p= = he br ring latt ce Lie
RO H c\c\]"ﬁom@u t t sp The odu of
S 1 H ~ S © < sz 3 es er. dpr hose ad
TTT S 2y o 5 = low ith wat brea ict t d bre
H H 4 B & S 3 the ith ong radic me .
SRS e E S ed w ) am ont stea vis
S S a S 8 5 ar ON ings ¢ of . bre
) ISE 8 = N g5 58 N rep 3.8 dlng SS llus
b g 2 2 g 5 p (1 fin dne cl ’s
S v S 2 2 n A T £ 5 ess hese har ilactoba ker
N F = — S = s hardn T wer llaC : hba
. AP 5 3 - 29 g B rters. ed lo f Lev ion wit s
o Yok y SR S| % 23 B sta ort es 0 inatio myce
0 % o S H ~ | - LA rep Itur bin haro
892 —_ + 4 =8 HoZ Y who I cu in com cc he
- v S s H H v o< I Rl A ) 022), . tarte icalis in ith Sa est
5 S HoH A - "% ER = (2 th s ica d wi increas
& +H ) =~ n d wi rop re inc
B H maTa 2185 2 re tert repa hey ere
o 8L - £ 2 8 repa bac adp ith w Its w
3 = X - S8 e 2 5 5 5 p ceto bre ion wit ilar resu
P 2 o< 3 2, 'ﬂg ol o g E % §g Bl and A the control bstitution d. Similar 20% Whey
5 s b - = “S g 2 '_'I ?I H :Io-l 5 E §E east than Y5. Water su of all brea ho added ul‘dough
i=] AN < — + o = y .. . iness w tso
17} o~ — v +l o) < < = o] L = ae : 1mne 21)7 hea . to
= - =g U 23T S 5 g S evis ring (2021), fw ior
8 —_ - H o+ 2Ly =33 e = cer nd sp t al. ion o is behav .
2 fo g SREFT 25 % g hardness by Ferreyra - the preparat lated this bontained "
g 25 25 el R S 5 ed for 21) re sec n
< y — ~ n w8 EREY ort trate 20 lacto ss a
S 2 = AT =} £ g ST rep cen 1. ( nd rdne .
= . o S "38 pa g OI 3 E Q § rotein con sidou et a n gluten a n bread ha ’ findings
g |- R S 3S W £ 5 ¢ S op d. Tsana d between ¢ betwee authors
o) 88 8 3 ?I HoH 592z = 3 ~ = bread. s forme tionship o other
= on S = OI T — g ) S = c 3 I3 U lexe . rela dlngt
g | 2 T T 2 S 8 ol ol - 28 comp negative d, accor 1., 2017).
N 1 — '?_‘ @« .
AL g%f_mw; 33 : 3 5§ whey. A asobserveizhoueta’
BEEEEE ﬁasago,a R proiiebeedies
. S i S <2 S + = . € :
3" iso.io‘i. sl 253 (Ferreyra
8= Oo°+l+l<r{7?‘r.-n‘“ EUE,E
£ < o H 2 3 <~ = &=
: EEERS SEREH
o) " < < EE <| 2 T =
9 won 3% § | 81
e 3§ 5 - ™ M
= =% g 3 = ERE m m
= [ 3 2 N mom
2 s F m
< [=7 B m
M
e | £ M
= | §
© wn
s

P Springer



Lactic acid bacteria isolates for bread production

Bwt—m ix

: 1

R e

Fig. 1 Images of the cross-sectional and top view of bread (B) made
with liquid sourdough inoculated with singly (Lm—Leuconostoc
mesenteroides; Lb—Levilactobacillus brevis; Lc—Leuconostoc cit-
reum) or mixed (1:1:1 ratio of Leuconostoc mesenteroides, Levilac-
tobacillus brevis, and Leuconostoc citreum) strains of LAB or with
baker’s yeast (c) on a water (wt)/whey (wh) basis. Figure 2. Sensory

Sensory attributes of bread

Individual preference for products is closely linked to the
sensory characteristics of food. The results of the sensory
evaluation (Fig. 2) showed that the bread (B, nix) Pre-
pared with a mixed (1:1:1) culture of Leuconostoc mes-
enteroides, Levilactobacillus brevis, and Leuconostoc
citreum strains in the water had the highest score (28.67)
for shape, volume, crust properties, crust color, and crust
properties (external properties), followed by bread (B, ;.)

obtained with Leuconostoc citreum (28.20) in whey. B ;,,

evaluation scores of bread made with liquid sourdough (Lm—Leu-
conostoc mesenteroides; Lb—Levilactobacillus brevis; Lc—Leucon-
ostoc citreum; mix—1:1:1 ratio of Leuconostoc mesenteroides, Lev-
ilactobacillus brevis, and Leuconostoc citreum) or baker’s yeast (c)
on a water (wt)/whey (wh) basis

(23.17) and B, ;, (23.17) exhibited the lowest scores
for external properties, with no significant differences
observed between them. Control bread prepared in whey
had the highest score (63.73) in taste, texture, flavor, chew-
ing properties, crumb color, and pore size. The internal
property scores of bread prepared with a mixed culture of
selected LAB in whey (62.17) and control bread in water
(61.83) had no significant differences. The lowest score
of internal properties was found in bread obtained after
fermentation with Leuconostoc mesenteroides in whey
(22.40), followed by bread started with the same strain

@ Springer
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Fig.2 Sensory evaluation
scores of bread made with
liquid sourdough (Lm—
Leuconostoc mesenteroides;
Lb—Levilactobacillus brevis;
Lc—Leuconostoc citreum;
mix—1:1:1 ratio of Leuconos-
toc mesenteroides, Levilactoba-
cillus brevis, and Leuconostoc
citreum) or baker’s yeast (c) on
a water (wt)/whey (wh) basis

Bwt-c

Bwh-mix

Bwt-mix

and prepared with water (41.50). The inoculum Leucon-
ostoc citreum generated bread exhibited the highest total
score (89.37) among bread produced with individual LAB
starters, following the control bread prepared with whey.
B and B, bread had no significant difference in gen-
eral sensory scores (87.83 and 88.17, respectively). The
total value (general properties) for the sensory characteris-
tics of the bread B, ;,, was the lowest (35.40). Consider-
ing that the overall sensory scores ranged from 35.40 to
91.40, the panelists preferred bread made with sourdough
containing Leuconostoc citreum after control, which may
be influenced by habit. Corona et al. (2016) reported that
bread contained multiple strain starters of Leuconosto cit-
reum PON10079 + Leuconosto citreumn PON10080 + Weis-
sella cibaria PON10030 + Weissella cibaria PON10032
compared to single strain starters and mono-species dual
strain starters. Giil et al. (2022) reported that inoculum
Lactobacillus brevis ED25-generated bread was preferred
over bread prepared with Lactobacillus curvatus N19 and
Weissella cibaria N9 strains.

According to results of the study, it could be concluded
that the selected Levilactobacillus brevis and Leuconostoc
citreum strains allowed bread production with a single-
strain starter. At the same time, Leuconostoc mesenter-
oides could be combined with other strains to which sym-
biotic growth is more inherent for dough fermentation. All
strains were suitable for producing bread without baker’s
yeast with good sensory characteristics and an appearance
similar to conventional bread, thus intercepting the cur-
rent demand from bakers and consumers and reducing the
occurrence of possible adverse food reactions. Moreover,
using pure starter culture in the bakery production process
allows for control and standardization of both the product
and the process.

wh-mix

@ Springer

Bwh-Lm

Bwt-Lb
External (30)
Internal (70)
General (100)
Bwh-Lb

Bwh-Lc
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